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CERAMIC WITH ZIRCON COATING 

This Invention was made with government support under Contract No. NASS- 
rerinied by NASA. The government may Have certain nghts .n the 

invention. 

BACKGROUND OF THE IKVENTION 

^ invenacn relates .o a co.pos«lcn mat .ndude, a s.r«»«on.3Nn9 
substrate and a zircon coating. 

— *PP«^;- 7 ^TTJccp... oe... Have 
teen proposed as matena^ PP^ ^ 3«U»n.c«,.ainin« 

0, reducing atmospheres ana ^g^n resistance and 

Vn>ge„. ^"--"7^'"^^ 

;C™iro.r«e spe.es, sucH as s,K»n Mrox«e 

™ ^:rr s Tecessarv to app., extern. env»««nenta«..en,«. 

StaZ^ to tt^se matert^s to proves protect- «..ro™nenta. 

attack at elevated temperatures. 

„«,,,«envin»,ment,typ«»llytheex^ Tt» diff«ence be.»«en ttte 
coe«c.ent o. fenna, ^ and the 

efficient 0. expans«n (CTE th^ «^ envi»nme.«aW»n~l 
0, them-al "^-'^'^^^t^ to coating .».«re. Further 

rr::rr:ir.iho.«^--a- 
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=„h.tfate and an oxide external nvironmental«he™al coating. 
T?^*tcau- o. the coeffleient o. the,n^ expansR. (CTE) 
1 l a rnlb,de,s,,^ (SIOS.) substrate. T,«se c«cKs a. 
, mion 0, ^ M coasng because they sewe as fast 
detnmental to the funct,on 

::.::r:::ts:s. Thec.cKsapp.she.a.ten*.tces<. 
me substrate to cause substrate Sactures. 

THUS there Is a need to provide a 0^9 « « sllicon-contalnlng substrate 
mat reduces stress and cracks In a ceramic composrte. 
SUMUIARV OF THE INVENTION 

^ present Invention provides a coa«ng that reduces ^'""^^^ 
riLh With a silicon-containing substrate and that can be applied as an 
n«,r or as an extemal coating In appllcaUons whe« water vapor 
^rrrrt: IS an ar«.e tha. co^pr^ s s..^ 
substrate and a zlrcdn coating. 

H thP invention relates to a method of forming an article. 

coatmg 

BRIEF DESCRIPTION OF THE DRAWINGS 

HG 1 IS a graph lllustra^ng comparative coe«idents o, 
r^s,llls«^ncad.de,S«).sUlcon(Si,andzircon(ZrS,0.). 

,0. ^is a Photoml^raph 0, a ...n «^>0> ^--^^ 

:rrar::rjr:=rin.e...coa.. 

and 
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FIG. 3 is a photomicrograph of the sam composit 
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DETAILED DESCRIPTION OF THE INVENTION 

According to Ihe invention, a coating composition ooniprtsing zirecn is applied 
K, a silicon^ntainlng sul«trate to provide a coating with a coefddert of 
«,ennal expansion that approaches the coetlident of fliermal expansion of the 

silicon-containing substrate. 

For an Infinite coating on a rigid sut«trate (very much thicker than the 
coatrng) stress In the coating due to them«l expansion mismatch (oj « given 

by the formula: 

^,=-2G>,-«>r((i*>',)'(i-''.)) , 

«he.e G. -,s the shear modulus of the coating. The coefficient of thermal 
expansion (CTE) of a coating can l« designated a. and the coeffldent of 
««m«l expansion (CTE) of a substrate designated a.. AT is the temperature 
afference to which the coaUng and substrate are subiected and V. « the 
Prtsson's ratio of a coating, which Is the ratio of transverse contracting stram 
,0 elongated strain, in most cases, equation (t) is applicable to coaSngs on 
sffloon^»ntalnlng substrates and cerarnlc composites. Hence, str^s 
generated in a coaSng is directly p.op«tional to the difference be^ 

coefficient of lhem«l expan»on (CTE) of the coating W and thecoeflicient 
of themial expansion (CTE) of the substrate {ctj. 

Figure 1 shows a cimparlson of the linear them«l expansion of mull»e. 
^ silicon carbide and silicon as a function of temperature. Mullltehasa 
h^her' thermal expa.»lon than either sincon carbWe (SIC) or silicon (SI). 
Zircon has a themial expansion closer to those of both silicon (Si) and s.l«x»n 
carbide (SIC). Therefore, the stress In zircon due to themal expansion 
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I 

mismatch Is than that in mulllte. The lower coeffioient of thennal 
(CTE) 0. zt^cn than ««t 0, sH^n ca*«e (SiC, re«.,ts ,n a 

^ <^ ^ "^rrz 

^ decreases the likelihood of coating cracking as zircon has a higher 
compressive strength than tensile strength. 

Zircon ccnfKises ZrSiO, or Zrt), SKD. It has an incongn,en. meMng 
temperature of about i680^. Hence. « Is ade,uaje for most h^h 
temperature appHcatfans. Additionally, zircon has other advantages. A th,n 

containing substrates due .0 the oxidatkH, of s«.con. Z.n»n,a or or«^ 
various sUlcates can be used^iU. the substn«e as a «ten«i 
c««ting. in these instances, a zin»n intermediate coating has good chen^l 
cempatibility with bo«, the underlying substrate and the ««ernal coabng. 

suitable sincon^ontammg substrates Include silicon carbide (SIC) and silicon 
nftldb CW The substrate c^n be a n»ne«th or composm. Acompos^ 

^ matrix can be pi««sed by ^ ^rmm. (M!>. *».c^ 
..^ (CVI) or other techr*,ue. B«,.|«an. subsW.es include a 
mon»«Mc Silla^ (SCJ m^ m^ m^ i^;, ^ *^^ 

(SiC) flberHeinfon»d snteon carbide (SIC) matrix composite, carbon flber- 
«*.ced sniconc^bWeiSiG) matrix csmpoei.?. a.?*" s«*n eart^Kte ($,G) 
flber^nforced silicon nlW* (Si,N4) <«n»slte: ^ 

comprises a sUlcon ceSMe ($IC) ll^:.*<W«i 
(SiCBI) matrix composite processed by silicon meu InPr*^ 

A.SO suitable as silicor«ontainlng sul«t,ates are silicon metal altoys. These 
alloys indude niobMn si«con alloys, mofcrbdenum silicon al^ 

The zircon coa«ng can be applied to the substrate by ch«nical vapor 
deposwon (CVD). thennal sp«y or by solutton techniques such as sd^. 
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slunv coating « colloida. suspension coating. Pmoxidlzing the silicon- 
?• ma, be employed to improve adhesion of the arcon 

'Zs (CaO, .a, he added to the zin^n staging composition to sta.-^ J» 
L and prevent voiumetnc changes while a««*g the convers»n «. 
rr r«Ke lace. A post-spray annealing process a, appropn^ 
nL ,0 1350 0 may also beused to help the coating matenal 

'ZT::^Z:Z I<'^ '^^- Materia. 0, d«,^ 
TSZ .henna, expan^on ,CTE.,. such as zirconia (ZrO,. a.um,na 
cordWe ,2M,0.2«,0,.5S103) and/or fused siiica (SOJ, m^ h^ 
^ tote zircon to adjust its themial expansion in case a better match ,«th 

:r.red. A consutuent starUng powder o, ^ coa^, 
t^an^or modifier may be premixed through a vigorous mechar»^ 

^•-^^LrrdurrrrnrnTsT 

Z17:Z ^ . em^oyed to. coat .e parties 

of one constituent with another. 

zircon coating of the invention can be used as an external coating in 
vJwater vapor is absent or as an int«medlat, layer w* an 
irr—ta..hem,ai barrier coating. The thicKness o. the ztreon 
^ . Ttem-ined by the application and the matehais of the su^ 
nXna, coa.^. When the zi«»n coaBng is app«ed a, an e^^ 
^ITh should completely cover the substrate. In this appl.cai»n the 

to about 10 m«s (50 to 250 mcrons). For appl^ations where me 
d^Cs-s as a bond U^. «s thickness can be detem,lned y ^ 

J^nZ^^stressesgeneratedasaresunoftheCTEm^. Typ-caUy 
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.or deposned coaSngs, «» ^ ^ ' ^ '° * 

,25 «. 250 -rtcrons), preferably abouiatosmils (SOU, 125 mK^ns). 

Sultabte external barrter ooaUngs In «,e ziroon bond coat application coa,prt«. 
aT^ such as y«.ia^.-.ed zlrconla, scandla-stat-l^ed zlrconia. calo. 

^ or n»9nes.*s.at.r.ed zirconla. ^un,lna and alur^ 
^ such as barium stronlun, alun^osBlcate and caWum alum,nos..,ca.e 
are also typical external coating materials. 

P^bly a *con coaUng is applied as an intennediate layer to a composite 
reprises a si«»n carbide/silicon (SiCSi, substrate an^ a y«n. 
^^irconia external env.ronmen.al*ennal barrier coatng. The 
Mowing example is illustrative of the invention. 

EXAMPLE 

A zircon coattng was sprayed by a. plasma onto a uremic compo^ 

substrate. The coating was deposit*, using a 23KW plasma gun. argon W 
HTma. gas and h^n as saoxidarv ga. ^ P^^*"^ 
subLate d^nce was 1.5 inch. The ceramic subst»te was a s-K»n cartas 
S flber^Worced silto, carbide^ (SlC^i) matnx compo«te 
Ussed by snicon melt Mtration. The zircon coating was covered w*h a 
ytirla-stabilizedziroonie coating. 

RG 2 and FIG. 3 are photomlcnwaphs of the resulting composite and show 
^ a -l coating can be deposited by pla^na spray and that ^ 

coating is free of la^e cracks. 
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CLAIMS 

What is claimed: 

1. An article, comprising a silicon-containing substrate and a zircon 
coating. 

2. The article of daim 1. wherein said zircon comprises ZrSiO. or 
ZrOz-SiOj. 

3. The article of claim 1 . wherein said substrate comprises silicon carbide - 
(SiC) or silicon nitride (SI3N4). 

4. The article of daim 1, wherein said substrate is a composite 
comprisihg a sUicon-l«sed matrix and a reirrfoccing fiber, particulate or 

whisker. 

5 The article of daim 1. wherein said substrate comprises a monolithic 
. ^licon cart)ide (SiC) or a monolithic silicon nitride (S^N^)- 

6 The article of daim 1. wherein said substrate comprises a silicon 
carbide (SiC) fiber-reinforced silicon carbide (SiC) matrix composite, a carbon 
fiber-reinlprced silicon carbide (SIC) matrix composite or a silicon carb.de 
(SIC) fiber-relnfbrced silicon nitride (SiaNJ composite. 

7 The artlde of daim 1. wherein said substrate comprises a silicon 
carbide (SIC) flber-relnforced silicon carblde/sillcon (SiC/Si) matrix composite 
processed by silicon melt Infiltration. 

8. The artide of daim 1. wherein said zircon coating comprises a zirconia 
phase stabilizer. 

9. The artlde of daim 8. wherein said phase stabilizer comprises ytlria 
(YA). magnesia (MgO) or calda (CaO). 
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10 The article of daim 1 , wh rein said zircon coating comprises a modifier 
that imparts a closer coeffident of themial expansion (CTE) match between 
said zircon coating and said substrate. 

11 The artide of claim 10. wherein said modifier comprises zirconia 
(ZrO,). alumina (Al,0,). cordlerite (2MgO-2AI,0,.5SiO,). fused silica (SiO,). 
silicon (SI) or mixture thereof. 

12. The article of claim 1, wherein said zircon coating Is an external 
coating for application in an environment free from water vapor. 

13. The artide of daim 1. further comprising an external 
environmental/thertnal barrier coating. 

14. The artide of claim 1. further comprising an oxide external 
environmental/thennal barrier coating. 

15 The artide of daim 14. wherein said oxide external 
envlronmental/themial barrier coating Is selected from the group consisting of 
yttria-stebilized zirconia. scandia-stabilized zirconia. calda-stablllzed zirconia. 
magnesia stabilized zirconia and mixtures thereof . 

16. The artide of daim 13. wherein said external envlronmental/themial 
barrier coating is an alumina or alumina silicate. 

17 The artide of daim 13. composing a silicon carbide/silicon (SiC/Si) 
substrate and a ytlria-stebaized zirconia external environmenteythennal 
banner coating. 

18. The artide of claim 1, shaped Into an engine part. 

19. The artide of daim 13. shaped into an engine part. 

20. An artide of manufacture, comprising a part coated with the 
composition of daim 1 . 

8 
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21. An article of manufacture, comprising a part coated with the 
composition of daim 13. 

22. The article of manufacture of claim 21. wherein said part is a gas 
turt)ine engine part or an aircraft engine part 

23. A method of fomning an article, comprising; 
forming a silicon-containing sul)strate; and 
applying a zircon coating onto said substrate. 

24. The method of claim 23. further comprising applying an external 
environmental/thermal barrier coating onto said zircon coating. 

25. The mettiod of claim 24. wherein said substrate has a lower coefficient 
of ttiemial expansion than the coefficient of thennal expansion of said 
external environmental/ttiem^al barrier coating, comprising applying said 
zircon coating onto said substrate to reduce thermal stress between said 
substrate and said external environmentaWhermal barrier coating. 

26. The mettiod of claim 23, comprising applying said zircon coating onto 
said substrate by chemical vapor deposition (CVD). ttiennal spray, sol-gel. 
slurry coating or colloidal suspension coating. 

27. The method of daim 23, comprising preoxidizing said substrate to 
improve adhesion of said zircon coating. 

28. The mettiod of claim 23. furttrer corhprising annealing said zircon 
coating to improve its stability. 

29. The mettiod of claim 23. comprising mixing a powder of zircon wltt» a 
stabilizer or modifier and applying a resjilting coating to said silicon-containing 
substrate. 
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30. The method of claim 29. comprising mixing said powder and stabilizer 
or modifier by ball milling. 

31 The method of claim 24. further comprising applying said external 
environmental/themial barrier coated composition to a part to torn an article 
of manutecture. 
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